Objective To summarise the long term efficacy of antiobesity drugs in reducing weight and improving health status.
INTRODUCTION
Obesity and overweight are highly and increasingly prevalent chronic conditions currently affecting over 1.1 billion individuals worldwide and are associated with premature mortality, chronic morbidity, and increased healthcare use. 1 2 Recently published guidelines recommend lifestyle modification as the initial treatment for obesity and suggest that adjunctive drug treatment is considered in patients with a body mass index ≥30 or 27-29.9 with medically complicated obesity. 2 Orlistat, a gastrointestinal lipase inhibitor, sibutramine, a centrally acting monoamine reuptake inhibitor, and rimonabant, an endocannabinoid receptor antagonist, are approved for long term treatment of obesity (one year or more). 3 Treatment with anti-obesity drugs is common, with global sales in 2005 estimated at $1.2bn. 4 As weight losses achieved with lifestyle intervention are modest and limited by high rates of recidivism and compensatory slowing of metabolism, 5 6 there is potential for even greater use of drug treatment. Furthermore, as the prevalence and incidence of obesity grow and as newer agents are developed, use of these drugs will probably increase further.
We carried out an updated systematic review and meta-analysis to quantify the efficacy of and adverse effects associated with the long term use of anti-obesity drugs. This paper is a summary of a recently updated Cochrane collaboration systematic review. 7 
METHODS

Inclusion and exclusion criteria and outcomes
With the help of a medical librarian we searched Medline, Embase, the Cochrane controlled trials register, and the metaregister of controlled trials (www.con trolled-trials.com) from December 2002 to December 2006 and examined reference lists of identified articles. In the original version of this review, the search covered the period from the inception of each database to December 2002. 8 We searched for placebo controlled clinical trials of at least one year in duration that evaluated the effects of anti-obesity drugs on weight, cardiovascular risk factors, cardiovascular morbidity and mortality, and overall mortality. A subgroup analysis examined weight loss and glycaemic control in patients with type 2 diabetes. All trials had to be double blind (patient and care provider) randomised controlled trials examining overweight or obese adults (age 18 years or over) that used intention to treat analysis. Quasi-randomised, open label crossover trials and studies published only in abstract form were not included. There were no language restrictions.
Selection and data extraction
Two unblinded reviewers performed electronic searches and screened the initial results. Articles that clearly did not meet inclusion criteria were rejected on initial review. If uncertainty existed, the full text of the article was reviewed. Two reviewers independently assessed all potentially relevant studies for inclusion and extracted and recorded data. Disagreements were resolved by consensus. Agreement between raters was assessed with Cohen's κ coefficient. If the published article provided inadequate information for a given end point, we contacted the primary author. We also approached pharmaceutical companies for missing data elements and information on unpublished trials.
Assessment of quality
Two authors independently scored the nine criteria of the Verhagen Delphi list to assess quality. 9 This was reported in a descriptive fashion rather than using a numerical quality score because such scores can be inaccurate and poorly reproducible when they are used to differentiate between high and low quality studies. 10 Further details can be found in the full Cochrane review.
7
Measures of treatment effect, heterogeneity, and publication bias
We calculated difference in risk for dichotomous outcomes and weighted mean differences for continuous outcomes at the end of follow-up. When studies reported results for different doses, we abstracted the dose most commonly used in clinical practice (orlistat 120 mg three times a day, sibutramine 15 mg daily, and rimonabant 20 mg daily). Quantitative analyses of outcomes were based on intention to treat results. In studies with high attrition rates, we preferentially abstracted results statistic to determine the percentage of total variation across studies due to heterogeneity. 11 If the I 2 statistic showed substantial heterogeneity (over 50%), we did not quantitatively pool results unless the observed statistical heterogeneity was judged to be of little clinical relevance (that is, studies consistently reporting results in the same direction with clinically insignificant differences between studies).
We visually examined funnel plots to determine publication bias if there were over 10 studies for a given drug. Figure 1 summarises the results of the search (fig 1) . We identified 27 potentially relevant trials, and five orlistat, five sibutramine, and four rimonabant studies met final inclusion criteria. These were added to the 11 orlistat and five sibutramine trials previously identified. 8 Cohen's κ coefficient for inter-rater agreement measured 0.95 for trial selection and 0.85 for study quality. One rimonabant study enrolled patients with dyslipidaemia (rimonabant in obesity (RIO)-lipids), w29 one enrolled patients with diabetes (rimonabant in obesity-diabetes), w27 and the other two commonly included patients with dyslipidaemia or hypertension (rimonabant in obesity-Europe; rimonabant in obesity-North America).
RESULTS
Search results
w28 w30
Interventions Twenty seven studies (16 orlistat, seven sibutramine, and four rimonabant) were weight loss trials, in which drug treatment was used in conjunction with a weight loss diet for one to four years. Of these, one rimonabant and four orlistat studies also contained a second weight maintenance year.
w4 w7 w13 w14 w30 The three remaining sibutramine trials were weight maintenance studies, in which randomisation was performed after a one to 
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six month induction phase with reduced energy intake. w17 w19 w21 A standardised, low fat, low energy diet and encouragement to exercise were the main cointerventions in most weight loss studies.
Inclusion and exclusion criteria
Trials generally enrolled selected patients with few comorbidities who were able to adhere to a run-in phase protocol. Patients had similar demographic profiles across trials of all three drugs: about two thirds to three quarters of participants were women, about 90% were white, mean age was 45-50 years, mean weight was about 100 kg, and mean body mass index was 35-36 (class 2 obesity). 7 In most studies exclusion criteria were obesity of endocrine origin, uncontrolled hypertension, treatment with drugs affecting body weight, pregnancy or lactation, relevant psychiatric or medical illness, previous bariatric surgery, and considerable weight loss before screening.
Methodological quality
Studies were all of similar quality, 7 and the most important methodological limitation was high attrition rates, which averaged 30% for orlistat studies and 40% for sibutramine and rimonabant studies. The most common reasons for premature withdrawal were refusal of treatment, loss to follow-up, and adverse effects. Most studies did not describe the randomisation process or comment on allocation concealment. No study specifically mentioned blinding of outcome assessors. All studies reported eligibility criteria, and cointerventions were similar in intervention and control arms. Although all included studies described using an intention to treat analysis, the validity of this approach was compromised by the high attrition rates. Because there was little variation in quality and weight loss results, we did not perform sensitivity analyses according to study quality.
Secondary end points were inconsistently reported, sometimes in only a subgroup of patients, or were not reported in an extractable manner. Our analysis includes only those data that were extractable from a given study. Heterogeneity Significant heterogeneity (I 2 ≥50%) was present in several anthropometric outcomes but was not judged to be clinically relevant. Substantial heterogeneity (I 2 >80%) was also present when we pooled the effects of orlistat and rimonabant on glycaemic control. For orlistat, this heterogeneity was attenuated and did not seem clinically relevant when we limited pooling to patients with diabetes alone. For rimonabant, we have reported glycaemic control results only for the single trial involving patients with type 2 diabetes.
Outcomes
The number of patients included in a given endpoint analysis may be lower that the overall total number of patients studied because we extracted data only for the highest dose of a given drug and the end point may not have been reported at all or not reported in an Adverse effects-Patients receiving orlistat were more likely to experience gastrointestinal adverse events and to discontinue because of this (table 4). The most commonly reported gastrointestinal events were fatty/oily stool, faecal urgency, and oily spotting, each occurring at frequency rates of 15% to 30% in most studies.
Although concentrations of fat soluble vitamins were reportedly lowered, no study reported clinically relevant vitamin deficiency. Patients receiving orlistat were routinely advised to take daily multivitamins.
Sibutramine
Weight loss-Patients receiving sibutramine lost 4.2 kg (3.6 kg to 4.7 kg; eight studies; fig 3) or 4.3% (3.7% to 5.0%; 10 studies) more weight than those taking placebo. In addition, sibutramine treatment increased the absolute percentage of 5% and 10% responders by 32% (55% v 27%; 27% to 37%; seven studies) and 18% (28% v 10%; 11% to 25%; seven studies), respectively (table 5). Placebo subtracted weight losses in patients with diabetes were 5.0% (3.8% to 6.2%) or 4.9 kg (3.6 kg to 6.2 kg). About 10-30% more sibutramine patients achieved successful weight maintenance compared with placebo (successful weight maintenance defined as maintaining 80-100% of the initial weight loss). This was significant (P<0.05) in all three studies but we did not combine data because of differing definitions of weight maintenance between studies. w17 w19 w21
Secondary end points-Treatment with sibutramine significantly reduced body mass index, waist circumference, and triglyceride concentrations and increased concentrations of high density lipoprotein cholesterol ( Adverse effects-Compared with placebo, sibutramine increased systolic blood pressure by 1.7 mm Hg (0.1 mm Hg to 3.3 mm Hg; seven studies), diastolic blood pressure by 2.4 mm Hg (1.5 mm Hg to 3.3 mm Hg; seven studies), and pulse rate by 4.5 beats/min (3.5 beats/min to 5.6 beats/min; seven studies) (table 5) . Insomnia, nausea, dry mouth, and constipation were more common in patients receiving sibutramine, occurring at frequency rates of 7-20%.
Rimonabant
Weight loss-Patients receiving rimonabant lost 4.7 kg (4.1 kg to 5.3 kg; four studies; fig 4) more weight than those taking placebo. The average weight loss was 3.9 kg (3.2 kg to 4.6 kg) in the rimonabant in obesitydiabetes trial. Rimonabant treatment also significantly increased the placebo subtracted absolute percentage of 5% and 10% responders by 33% (51% v 18%; 29% to 37%; four studies) and 19% (26% v 7%; 15% to 23%; seven studies), respectively (table 6). During the weight maintenance phase of the rimonabant in obesity-North America study, patients treated with rimonabant maintained the weight differential observed in the weight loss phase of the study. Secondary end points-Rimonabant significantly reduced placebo subtracted waist circumference, systolic blood pressure, diastolic blood pressure, and triglyceride concentrations and increased high density lipoprotein cholesterol concentrations (table 6). Fasting glucose and haemoglobin A 1C concentrations were significantly reduced in the rimonabant in obesity-diabetes study w27 but not in the other rimonabant in obesity studies (table 6) . Low density lipoprotein cholesterol and total cholesterol concentrations were not significantly reduced compared with placebo.
Adverse effects-The most worrying adverse effect was an increased incidence of psychiatric disorders (depression, anxiety, irritability, aggression), which occurred in 6% of patients receiving rimonabant and was 3% (2% to 5%; four studies) more likely in patients receiving rimonabant compared with placebo (table 6).
DISCUSSION
Our meta-analysis of one to four year randomised controlled trials of orlistat, sibutramine, and rimonabant in adults showed that each drug results in average placebo subtracted weight reductions of less than 5 kg. We found no data on the effect of these agents on mortality or cardiovascular morbidity. Weight maintenance studies for each drug reported similar amounts of weight regained in active and placebo arms, such that the original weight differential between groups was maintained. We found differing effects on secondary end points and adverse effect profiles. These updated results are consistent with the results of previous reviews 8 12-15 but more precisely define the long term effects of current agents on weight and secondary end points and describe each drug's unique adverse effect profile.
Limitations
There are several limitations to this meta-analysis. Firstly, all studies showed a positive effect of treatment on weight loss, which raises the possibility of publication bias. A funnel plot of orlistat studies 
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indicates that we might have underestimated the impact of all types of small studies (positive, negative, or neutral) in this meta-analysis ( fig 5) . 7 There were too few sibutramine and rimonabant studies to warrant generation of funnel plots. Nearly all trials were funded by pharmaceutical companies, which may increase the likelihood of positive results. 16 Secondly, most patients studied were non-elderly and white and extrapolation to other populations should be made with caution. Thirdly, we found statistical heterogeneity when we quantitatively pooled several outcomes. This was addressed by using a random effects meta-analysis and by not combining outcomes when the heterogeneity was thought to be clinically relevant. As we did not have access to data on individual patients, we could not perform meta-regression analysis to further investigate the cause of the observed heterogeneity. Differences in populations of patients, cointerventions, trial duration, and drug dose were probably all contributing factors. Fourthly, our analysis includes only those data that were extractable from a given study and studies may have reported full results only for end points that significantly differed from placebo.
Synthesis of findings
Previous studies have shown that people with diabetes find it more difficult to lose weight, possibly because of the underlying disease state or because medications used to treat diabetes tend to increase weight. 2 17 We found that studies enrolling patients with diabetes reported slightly smaller amounts of weight loss with orlistat and rimonabant, a finding not seen with sibutramine. Despite this finding, both orlistat and rimonabant improved glycaemic variables in patients with diabetes, whereas sibutramine did not. The underlying reasons for this and the clinical relevance are unclear. One potential contributor to improved glycaemic control with rimonabant is an increase in adiponectin.
w29 Further data are needed, ideally from head to head clinical trials of all three agents, before more definitive conclusions can be made.
Even though studies preselected patients for their ability to adhere to and to tolerate treatment, attrition rates were high, compromising the internal validity of many studies. It is difficult to compensate for such high attrition rates by using any form of analysis. A recent study using Canadian provincial administrative data reported persistence rates with orlistat and sibutramine of less than 10% at one year and less than 2% at two years. 18 Lack of adherence to treatment seems to be a major factor limiting the efficacy and effectiveness of anti-obesity drugs.
The observed increase in blood pressure and heart rate with sibutramine are of potential concern, and blood pressure should be monitored during treatment. The increased incidence of mood disorders with rimonabant indicates careful surveillance, particularly because psychiatric illness commonly coexists with obesity. 2 As the patients enrolled in the rimonabant trials were carefully screened to exclude those with major psychiatric disease, the risk of mood disorders with rimonabant might be underestimated.
The decision to prescribe an anti-obesity drug involves careful assessment of the risks and benefits. The average amount of weight lost is modest, lower than the 5-10% placebo subtracted target recommended by current guidelines, 3 19 20 and most patients will remain considerably obese or overweight even with drug treatment. Current anti-obesity drugs are costly (in the UK around £40-55 (€57-79, $83-114) for 28 days' treatment), each drug has associated adverse effects, and the ultimate effect on cardiovascular morbidity and mortality remains unknown. Balanced against these factors are the potential for modest improvements in the cardiovascular risk profile, which varies according to each drug, the possibility that the patient will be among those who have a good response (that is, 5-10% weight loss or more), and accumulating evidence that even modest amounts of weight loss (5-10%) are beneficial, particularly in patients at risk of developing type 2 diabetes. 21 Guidelines from the National Institute for Health and Clinical Excellence (NICE) recommend discontinuation of drug treatment if a 5% threshold in weight loss has not been reached by three months. 19 In the absence of definitive data to show that one particular drug is more effective than another, 3 initial treatment can be guided by the patient's preference, local drug costs, drug availability, drug plan coverage, (table 7) . Studying morbidity and mortality end points is vital to confirming a favourable benefit:risk ratio for anti-obesity drugs because drugs that improve surrogate end points, such as weight loss, may not ultimately improve more clinically relevant outcomes. 22 Similarly, the clinical relevance of the reduction in incidence of diabetes observed with orlistat is uncertain, and further study is required to determine if a true preventive effect, as opposed to a delaying or masking effect, is occurring. 23 Trials evaluating the effect of sibutramine and rimonabant on cardiovascular morbidity and mortality end points are ongoing and are detailed elsewhere. 
WHAT IS ALREADY KNOWN ON THIS TOPIC
Previous meta-analyses examining the long term efficacy of anti-obesity drugs have been limited to orlistat and sibutramine Average weight losses were less than 5 kg and some cardiovascular risk factors improved, but attrition rates were relatively high
WHAT THIS STUDY ADDS
Rimonabant, sibutramine, and orlistat modestly reduce weight (less than 5 kg) and have differing effects on cardiovascular risk factors and differing side effect profiles There are no data evaluating the effect of anti-obesity drugs on morbidity or mortality end points, although studies are now ongoing
